In this review the correlation between disturbances of liver function and the brain will be discussed.
.
It was in the nineteenth century that more cases of cerebral disturbances produced by liver disease were described. Griffin (I833) and Bright (1836) gave very accurate clinical descriptions. Frerichs in I877 had an almost modern view on the relation between brain and liver. It was Eppinger (1937) who, half a century later, suggested the connection between hepatitis and acute liver atrophy.
At the turn of the nineteenth century the famous work on Eck fistule dogs was done at the school of Pawlow in Leningrad. They were able to produce neurological disturbances after feeding these Eck fistulae dogs large amounts of meat. Hahn, Massen, Nencki and Pawlow (1893) called this condition a ' Fleischstiicken Vergiftigung' (meat intoxication). Nencki, Pawlow and Zaleski (1896) demonstrated an increase of the arterial blood ammonia during the symptoms.
The outline of the neurological symptoms produced by liver dysfunction was slowly drawn during the first half of this century. Winterberg (I897) and Russel (I923) separated very clearly this condition from uraemic coma. At the beginning of these studies the more severe disturbances were stressed. It was only later on that increased attention was paid to the more subtle pathology in the course of cirrhosis. Foetor hepaticus has been known for a long time (Frerichs, I877) . Some neurological phenomena, such as intention tremor and Parkinsonian facies, were described by Stokes, Owen and Holmes (I945), as well as the flapping tremor by Adams and Foley (I949) . A very detailed synthesis of neurological and psychological symptoms was described by Zillig (1947 Zillig ( , 1948 Many authors have added details: headache (Rolleston, I914) , xanthopsia (Frerichs, 1877; Walshe, 1951) , mydriasis (Cambier, 1954) , an abnormality of breathing which is mostly hyperpnea (Wilcox, I919; Greene, 1940 experimental heart-lung-brain circuit (Geiger, Magnes, Taylor and Veralli, 1954 (Courtice, 1940) , the dog (Himwich and Nahum, 1929) , the monkey (Schmidt, Ketty and Pennes, 1945) and man is I.o (Wortis, Bowman and Goldfarb, 1940) . This indicates that carbohydrate is oxidized exclusively. The R.Q. falls in excised brain tissue, but again approaches unity when glucose is supplied (Loebel, 1925) .
It has been shown by in vitro studies that glucose is the most potent substance in supporting the oxidative functions of the brain (Loebel, 1925 (Himwich, Hadidian, Fazekas and Hoagland, 1939) .
Although pyruvate and lactate are used in vitro to maintain cerebral oxidation, it is not possible to arouse a patient in hypoglycaemia with the injection of either product. This is due to the relative impermeability of the blood-brain-barrier to these substances (Stone, 1938; Maddock, Hawkins and Holmes, 1939 (1939) it is, in a normal person, immediately metabolized in the oc-ketoglutarateglutamate system. Krebs (1935) previously had shown that liver slices could synthesize glutamine from glutamic acid and ammonium salts. These reactions are ATP (adenosine triphosphate) dependent, and therefore connected with the oxidative metabolism of pyruvic acid in the citric acid cycle which replenishes the ATP stock.
The precursors of ammonia in blood, brain or liver are not very well known. Conway (1950) postulated a deamination of adenosine nucleotide. Another explanation is being sought by some in the presence of amino-oxidase in the brain. It is possible to reduce the ammonia content of the blood by the administration of amino-oxidase inhibitors Magnenat, Ott, Frei, Delaloye and Klaus, I962). This decrease, however, has no effect on the clinical condition of the patient. It is to be noted that Magnenat and others (I962) showed an increase in blood ammonia while perfusing a large amount (I,ooo mg.) of niamid.
Concurrently with this potential intracellular ammonia production a large amount reaches the organism by intestinal absorption. This amount is mostly of colonic origin and its value has been roughly estimated to be several grammes daily (Phear and Ruebner, 1956 (Fischler, 1916 (1956) , the critical level should be situated approximately at 2.2 ml. O/Ioo mg. of brain/min., whereas the normal level should be found at 3.3 ml. In liver patients with cerebral disturbances the mean oxygen uptake was I.7 ml., decreasing to i.6 ml. in comatose patients. In this latter group the lowest figure of 0.9 ml. was noted.
In addition to the abnormal glucose metabolism, which is presumed to be secondary to a common cause, an important disturbance of ammonia metabolism has been established. (1926, 1927) , Rowntree (1930) , Van Caulaert and Deviller (1932, I933) made the remarkable observation that the administration of ammonium salts to cirrhotic patients could produce transient drowsiness, confusion or agitation. Van Caulaert and Deviller (1932), Kirk (1936) Gabuzda and Davidson (1954) , White and others (1955) and Havens and Child (I955) stressed again the toxicity of a protein-rich diet. Sherlock and others (1954) Liver coma was formerly thought to be of hypoglycemic origin (Fischler, I916) . This has repeatedly been disproved (Mann and Magath, i922) . Hartmann (1949) (Richter and Dawson, 1948 (Bessman and Bessman, 1955 (Bessman, 1958; Clark and Eiseman, 1958) . Glutamine, on the other hand, will be increased in brain and cerebrospinal fluid (Whitehead, Whittaker and Prior, 1954 (1955) and Caesar (1962) also showed an increase of cerebrospinal fluid ammonia in liver coma. In normal persons this ammonia is less than four-fifths of the blood content, but rises when neurological symptoms appear (Caesar, I962) . The ammonia is metabolized at a slower rate in liver patients. The level rises higher after an ammonium chloride test (Sherlock and others, 1954; Stahl, Bockel and Imler, I959; De Groote, 1959) or after haemorrhage (McDermott, 1957; Stahl and Bockel, 1958; Stahl and others, 1959 (Webster, 1956; Fahey, I957 
